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Purpose & Relevance 
 Friedrich Trendelenburg first described an abnormal gait pattern in patients with congenital 
dislocations of the hip in 18951.  He hypothesized that this ‘swinging’ or ‘waddling’ gait pattern resulted 
from the inability of the weight bearing hip abductor (HABD) muscles to keep the pelvis horizontal2.  
The Trendelenburg Test (TT) has subsequently become a common clinical test used in the evaluation of 
hip and low back pain3,4.  Specifically, the TT indirectly assesses functional HABD muscle strength and 
the ability of these muscles to support the transfer of load during single leg stance4.  It has been 
theorized that a positive TT indicates weakness of the HABD musculature and the drop in pelvic 
position may be a contributing factor to low back or hip pain3.  However, very few studies have directly 
tested this hypothesis. The primary purpose of this study is to examine the relationship between HABD 
strength and magnitude of pelvic drop (MPD) while performing a static TT and while walking in 
subjects with non-specific low back pain (NSLBP) and healthy controls (CON).  It was hypothesized 
that reduced HABD strength would be negatively correlated with MPD for the NSLBP and CON.  The 
secondary purpose is to examine this relationship in NSLBP patients following a 3-week HABD muscle 
strengthening program. 
Methods & Analysis 
 The study design was quasi-experimental including a 3-week exercise intervention.  Ten NSLBP 
patients (32.5yrs, range 21-51yrs; VAS baseline: 5.3cm) and 10 CON (29.5yrs, range 22-47yrs) were 
recruited.  Isometric HABD strength was measured using a force dynamometer and the average of three 
maximal voluntary contractions were normalized to body mass (N/kg).  Two-dimensional MPD 
(degrees) was measured using a 60 Hz camera and was derived from two retro reflective-markers placed 
on the posterior superior iliac spines with reference to the treadmill horizontal (Figure 1). MPD was 
measured while performing the static TT and while walking and averaged over 10 consecutive footfalls.  
NSLBP patients completed a 3-week HABD strengthening protocol consisting of 2 open-kinetic chain 
exercises (Figure 2) then all measures were repeated. A visual analogue scale (VAS) was used to 
measure pain at baseline and following the exercise intervention in the NSLBP patients.  Non-
parametric analysis was used for group comparisons and correlation analysis.   
 
 
      
Figure 2: Hip Abductor Exercises Figure 1: Marker Setup 
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Results 
  At baseline, the NSLBP patients demonstrated significantly reduced (31%) HABD strength 
compared to CON and no significant differences in MPD while walking (Table 1).  Following the 3-
week strengthening protocol, NSLBP patients demonstrated a significant (12%) improvement in 
strength, a 48% reduction in pain, but no significant decreases in MPD while walking (Table 1).  No 
significant correlations were measured between left HABD strength and right MPD (r=-0.37, p=0.11), or 
between right HABD strength and left MPD (r=-0.04, p=0.84) while performing the static TT (Figure 3).   
 
Table 1: Results Summary  Controls (N=10) LBP Patients (N=10) 
 Baseline Baseline 3 Week Follow Up 
  Median Range Median Range Median Range 
Age (yrs) 26 22-47 32 21-51 32 21-51 
Height (cm) 168 162-178 171 156-180 171 156-180 
Weight (kg) 61 53-91 61 55-90 61 55-90 
VAS Rating (cm) 0 0 5.9 2.2-8.7 1.8 0-6.5 
RMPD (Left Trendelenburg Test)(deg)* -2 -4.8-1.2 -1.9 -7.0-1.7 -1.7 -6.6-2.0 
LMPD (Right Trendelenburg Test)(deg)* -2.2 -4.3-0.7 -1.6 -5.6-2.6 -1.0 -5.5-2.3 
Maximal Pelvic Excursion (deg) 7.1 3.5-8.8 6.7 5.5-10.4 6.5 5.6-10.6 
Normalized Strength (N/kg2/3) 9.5 7.2-11.9 6.6 5.4-7.7 7.4 6.3-8.4 
  *negative values indicate a hip hike position, positive values indicate a pelvic drop position 
 
     
 
 
Conclusion & Implications 
 NSLBP patients demonstrated reduced HABD strength at baseline and were able to increase 
strength and reduce pain in a 3-week period.  However, despite increases in HABD strength, the NSLBP 
group exhibited similar MPD motion during the static TT and while walking compared to baseline and 
controls.  The results suggest that the HABD alone may not be primarily responsible for controlling a 
horizontal pelvic position during static and dynamic conditions and the use of the TT as a measure of 
functional HABD strength is limited.  However, increasing the strength of the hip abductors resulted in a 
reduction of pain in NSLBP patients providing evidence for further research to identify specific 
musculature responsible for controlling pelvic motion. 
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Figure 3: Scatter plots depicting relationship between HABD strength and MPD at baseline.  
